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Mucosal papillomas are relatively common lesions in several species of captive neotropical parrots. They cause considerable morbidity
and in some cases, result in mortality. Previous efforts to identify papillomavirus DNA and proteins in these lesions have been largely
unsuccessful. In contrast, increasing evidence suggests that mucosal papillomas may contain psittacid herpesviruses (PsHVs). In this study,
41 papillomas from 30 neotropical parrots were examined by PCR with PsHV-specific primers. All 41 papillomas were found to contain
PsHV DNA. This 100% prevalence of PsHV infection in the papilloma population was found to be significantly higher than PsHV infection
prevalence observed in other surveys of captive parrots. PsHV genotypes 1, 2, and 3, but not 4 were found in these lesions. Psittacus
erithacus papillomavirus DNA and finch papillomavirus DNA were not found in the papillomas. A papilloma from a hyacinth macaw
(Anodorhynchus hyacinthinus) was found to contain cells that had immunoreactivity to antiserum made to the common antigenic region of
human papillomavirus (HPV) L1 major capsid protein. However, four other mucosal papillomas were negative for this immunoreactivity, and
negative control tissues from a parrot embryo showed a similar staining pattern to that seen in the cloaca papilloma of the hyacinth macaw,
strongly suggesting that the staining seen in hyacinth macaw papilloma was nonspecific. Based on these findings, it was concluded that
specific genotypes of PsHV play a direct role in the development of mucosal papillomas of neotropical parrots and there is no evidence to
suggest the concurrent presence of a papillomavirus in these lesions.
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Introduction Sironi and Gallazzi, 1992), African gray parrots (PsittacusPapillomas are benign or premalignant neoplasms of
cutaneous, mucocutaneous, and mucosal epithelial surfaces.
All papillomas in mammals appear to be caused by
papillomaviruses (Brentjens et al., 2002). In contrast, cuta-
neous papillomas in rainbow smelt (Osmerus mordax)
(Herman et al., 1997), koi (Cyprinus carpio) (Calle et al.,
1999), and marine sea turtles (Quackenbush et al., 1998,
2001) are associated with herpesvirus infections.
Both cutaneous and mucosal papillomas have been de-
scribed in birds. Cutaneous papillomas have been reported in
wild finches (Fringilldae) (Jennings, 1968;McDonald, 1965;0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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E-mail address: dstyles@cvm.tamu.edu (D.K. Styles).erithacus) (Jacobson et al., 1983), a Cuban Amazon parrot
(Amazona leucocephala) (Johne et al., 2002), macaws (Ara
spp.) (Phalen, 1997), and cockatoos (Cacatua spp.) (Low-
enstine et al., 1983; Schmidt et al., 2003). The etiologic
agents responsible for cutaneous papillomas in the finch,
African gray parrot, and Cuban Amazon parrot are papillo-
maviruses. Lesions caused by these viruses contain intra-
nuclear inclusion bodies consisting of crystalline arrays of
virus particles (Jacobson et al., 1983; Lina et al., 1973;
Osterhaus et al., 1977). Papillomaviruses from a finch [Frin-
ngilla coelebs papillomavirus (FPV)] and African gray parrot
[P. erithacus papillomavirus (PePV)] have been purified,
cloned, and sequenced. The genomes of FPV and PePV are
structurally similar to mammalian papillomaviruses but share
little genetic homology to them or each other (Moreno-Lopez
et al., 1984; O’Banion et al., 1992; Tachezy et al., 2002; Terai
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both FPV (Dillner et al., 1991) and PePV (Jacobson et al.,
1983; Lim et al., 1990; O’Banion et al., 1992) are immuno-
logically cross-reactive with the L1 protein of mammalian
papillomaviruses.
In contrast to the cutaneous papillomas of finches and
African gray parrots, the cutaneous lesions found in cock-
atoos and macaws appear to be caused by herpesviruses.
These lesions of the unfeathered skin of the foot are
characterized by intranuclear eosinophilic inclusion bodies
that contain herpesviruses virions (Lowenstine et al., 1983;
Schmidt et al., 2003). To date, the viruses associated with
these lesions have not been characterized.
Mucosal papillomas have been described in many spe-
cies of captive neotropical psittacine birds, with the highest
incidence of these lesions occurring in Amazon parrots
(Amazona) and macaws (Ara spp.) (Graham, 1991; Johne
et al., 2002; McDonald, 1988; Van der Heyden, 1988).
There is a single report of an oral papilloma in an African
gray parrot (Latimer et al., 1997). However, this lesion was
of squamous epithelium and not of the mucous membranes
and therefore cutaneous in nature. Mucosal papillomas
occur primarily in the oral cavity and cloaca (vent).
Less frequently, mucosal papillomas are found in the crop,
esophagus, proventriculus, ventriculus, and conjunctiva
(Graham, 1991). These lesions cause considerable
discomfort to affected birds, may interfere with re-
production, and in severe cases result in the bird’s death.
Bile duct and pancreatic duct adenocarcinomas are also
reported to occur with a relatively high prevalence in birds
with mucosal papillomas (Graham, 1991; Hillyer et al.,
1991).
PePV is suspected to be the etiological agent of the one
oral papilloma described in an African gray parrot because
it contained PePV DNA (Latimer et al., 1997). However,
the etiology of mucosal papillomas in neotropical parrots
remains unknown. Clinical observations suggest that
mucosal papillomas are caused by an infectious agent
as they appear to spread from affected birds to in-contact
birds (McDonald, 1988; Van der Heyden, 1988). How-
ever, four parrots inoculated with a mucosal papilloma
homogenate did not develop disease (Sundberg et al.,
1986).
Efforts to detect papillomaviruses in mucosal papillomas
have been largely unsuccessful. Virus particles have not
been found in these lesions. PCR with degenerate primers
capable of detecting most mammalian papillomavirus
sequences and with primers derived from the PePV se-
quence have failed to detect papillomavirus DNA in the
mucosal papillomas of parrots (Johne et al., 2002; Latimer
et al., 1997; Sundberg et al., 1986). Additionally, a previ-
ous investigation failed to detect L1-like proteins in muco-
sal papillomas using anti-L1 serum made against conserved
epitopes of mammalian papillomaviruses (Sundberg et al.,
1986). However, there is a report describing L1-like im-
munoreactivity present in epithelial cells of a cloacalpapilloma from a hyacinth macaw (Anodorhynchus hyacin-
thinus) and a lilac-crowned Amazon parrot (Amazona
finschi) (Bonda et al., 1998).
Psittacid herpesviruses (PsHVs) are a heterogeneous
group of viruses divided into four genotypes and four
serotypes that are typically associated with an acute fatal
infection in parrots (Pacheco’s disease) (Tomaszewski et
al., 2003). However, some birds survive the acute mani-
festations of the disease and may become latently infected
while others appear to become latently infected following
an inapparent infection (Grund and Schlippenbach, 2002;
Phalen et al., 2001). Mucosal papillomas have been
observed to develop in parrots that survived PsHV infec-
tions (Van der Heyden, 1988) and herpesvirus virions were
observed in a mucosal papilloma from an orange-fronted
conure (Aratinga canicularis) (Goodwin and McGee,
1993). It is therefore likely that one or more of these
PsHV genotypes are involved in the development of
mucosal papillomas.
Epidemiologic evidence suggests that the prevalence of
PsHV infection in parrots with mucosal papillomas is
higher than that seen in the general population of captive
parrots (Grund and Schlippenbach, 2002) and parrots
without mucosal papillomas (Tomaszewski et al., 2002).
An initial study found that parrots with mucosal papillomas
had circulating anti-PsHV antibodies, whereas parrots with-
out papillomas did not (Phalen et al., 1997). Two studies
have used PCR to detect PsHV DNA in these lesions. In a
preliminary study, PsHV DNA was detected in mucosal
papillomas from four of four birds (Phalen et al., 1998),
and in a second study performed by other investigators,
PsHV DNA was found in 9 of 12 (75%) mucosal papillo-
mas (Johne et al., 2002). However, if PsHVs are indeed
associated with the development of mucosal papillomas,
then one would expect to find PsHV DNA in 100% of the
samples and yet Johne et al. (2002) reported only a 75%
detection rate.
To test the hypothesis that mucosal papillomas of
neotropical parrots are caused by PsHV and not a papillo-
mavirus, mucosal papillomas from 30 neotropical psittacine
birds were examined by PCR with PePV-specific, FPV-
specific, and PsHV-specific primers. Five mucosal papillo-
mas were also examined by immunohistochemistry for L1
major capsid protein immunoreactivity. The genotypes of
PsHVs detected in mucosal papillomas were determined by
comparing their sequence to the sequences of previously
reported psittacid herpesviruses (Tomaszewski et al., 2003).Results
Immunohistochemistry of mucosal papillomas using
anti-HPV6b L1 serum
A single investigation reports L1-like immunoreactivity in
two mucosal papillomas from neotropical parrots that were
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portion of the human papillomavirus (HPV) 6b L1 protein
(Bonda et al., 1998; Strike et al., 1989). To verify this finding,
we used this same anti-L1serum to stain the papilloma from a
hyacinth macaw (SC98-0018) that had been reported by
Bonda et al. (1998) to contain L1 immunoreactivity, three
mucosal papillomas from other macaws and one mucosal
papilloma from an Amazon parrot. Two human cervical
papillomas were used as positive controls. A sagittal section
taken through a neotropical psittacine embryo was used as a
negative control.
The human cervical papillomas showed distinct nuclear
and cytoplasmic staining in the basalar epithelial layer and
again at the non-keratinized superficial (lumenal) cell layer
(Fig. 1a). Most tissues in the negative control psittacine
embryo showed diffuse mild to moderate cytoplasmic
staining and some showed a distinct nuclear staining pattern.
Importantly, the cloacal mucosa showed intense cytoplasmic
and moderate nuclear staining (1b). This staining pattern
was consistent in multiple trials and the intensity observed
was not due to artifact. The cloacal papilloma from the
hyacinth macaw (SC98-0018) previously reported by Bonda
et al. (1998) again stained strongly with the anti-L1 fusionFig. 1. Immunohistochemical results of staining with the anti-L1 fusion protei
cytoplasmic staining; (b) prominent cytoplasmic and moderate nuclear staining see
(c) nuclear and cytoplasmic staining observed in a cloacal papilloma of hyacinth m
0044 showing only background staining with the anti-L1 antiserum.protein antiserum (Fig. 1c). Both cytoplasmic and nuclear
staining was observed. Importantly, this pattern closely
resembled that seen in some tissues of the developing
embryo. Three other mucosal papillomas from other mac-
aws and one from an Amazon parrot showed only faint
background staining. (Fig. 1d).
Electron microscopy
It was assumed that if the cloacal papilloma from the
hyacinth macaw (SC98-0018) actually contained L1 pro-
teins, then it would also contain papillomavirus virions.
Exhaustive examination of thin sections of the papilloma
failed to demonstrate any such virions.
PCR with PePV- and FPV-specific primers
A single oral papilloma from an African gray parrot was
previously shown to contain PePV DNA (Latimer et al.,
1997). DNA extracted from all the mucosal papillomas in
this study were screened for papillomavirus using PePV-
and FPV-specific primers by PCR. None of the 41 papillo-
mas contained PePV or FPV DNA.n antiserum: (a) human cervical papilloma showing distinct nuclear and
n in the normal cloacal mucosa of developing psittacine embryo SC01-0019;
acaw SC98-0018; (d) mucosal papilloma from the cloaca of a macaw DP01-
Fig. 3. Evaluating the sensitivity of the 23F primer set to detect PsHV in
serial dilutions of a PsHV clone of known concentration (clone 23F-from
which the 23F primer sets were derived), and from 100 ng of genomic DNA
extracted from mucosal papillomas. Lanes 2–4 contain 667-bp amplicons
from the serial dilutions of the PsHV clone 23F in order of decreasing
concentration (plasmids/Al): lane 2, 106; lane 3, 104; lane 4, 103. Lanes 5, 6,
and 7 contain the 667-bp amplicons generated from DNA derived from
mucosal papillomas and lane 8 contains DNA derived from the cloaca of an
asymptomatic macaw (Table 1). Specific samples are: lane 5, SC02-022
(genotype 1); lane 6, SC00-020 (genotype 2); lane 7, SC02-047 (genotype
3); lane 8, SC02-0043 (genotype 4).
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from the DNA polymerase gene
Previously, Johne et al. reported that they were able to
amplify PsHV from 9 of 12 papillomas with PCR using
primer set PsHV-Johne that was derived from the DNA
polymerase gene (UL30) (Table 2). To determine if the
primers used by these investigators would consistently and
efficiently amplify DNA from all known PsHV genotypes, an
optimized PCR reaction was performed with DNA from two
representative samples from each of the four PsHV geno-
types. These same samples were also amplified using the
23F-amplifying primer set (derived from the UL16/UL17
region) that detects all known PsHV genotypes (Table 2).
Amplification products were detected in all of the reactions
(Fig. 2). Both primer sets amplified DNA from all four PsHV
genotypes. However, the primer set used by Johne et al. had a
markedly reduced amplification efficiency compared to the
23F primer set with PsHV genotypes 1, 2, and 3 (Fig. 2).
PCR with PsHV-specific primers
There are two previous studies using a limited number of
tissues demonstrating PsHV DNA in all (Phalen et al., 1998)
or many of the papillomas that they examined (Johne et al.,
2002). To determine if PsHV DNA is in fact consistently
present in mucosal papillomas, primer sets known to amplify
all known PsHV genotypes (Table 2; 23F-amplifying) were
used with PCR to screen 41 papillomas from 30 neotropical
parrots; a biopsy from the cloacal mucosa of a macawwithout
papillomas that was in contact with another macaw with a
papilloma; and 12 histologically normal mucosa samples
from birds that had papillomas. PsHV DNAwas detected in
all of the mucosal papillomas examined. The estimated
number of copies of the target gene per 100 pg of DNA
ranged from approximately 1000 to over 1000000 and serial
10-fold dilutions of a plasmid containing the UL 16/17 region
showed that the sensitivity of this assay was 1000 copies of
target DNA (Fig. 3).
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PsHV genotypes. Lanes 3–10 contain a 178-bp amplicon generated by primer set
by primer set 23F-amplifying (Table 2). DNA from genotypes 1, 2, and 3 was ext
from tissues of birds dying with Pacheco’s disease (Table 1). Specific samples amp
038 (genotype 1); lanes 5 and 14, SC93-790 (genotype 2); lanes 6 and 15, SC94-0
SC02-047 (genotype 3); lanes 9 and 18, 88-97 (genotype 4); lanes 10 and 19, 91-PsHV DNA was not amplified from three mucosal
samples that were collected from the mucosa adjacent to
papillomas. Nine histologically normal digestive mucosal
samples were collected from birds with papillomas. Seven
were negative, but one proventricular sample was weakly
positive (approximately 1000–10000 copies of target
DNA) and another was moderately positive (approximately
10000–1000000 copies of target DNA). PsHV DNA was
also detected in the cloacal biopsy from an in contact macaw
(SC02-0043) not exhibiting mucosal papillomas. There was
no PsHV DNA amplified from DNA extracted from the
tissues of a near-hatch conure embryo (SC01-0019) or the
blood from an incubator-hatched African gray nestling
(SC03-0005). Also, PsHV DNA was not found in the
brachial plexus, lumbosacral plexus, or brain of three birds
with papillomas. Herpesvirus DNA was consistently ampli-
fied from DNA purified from control tissue known to
contain PsHV DNA.3F-amplifying using paired DNA samples representative of each of the four
PsHV-Johne (Table 2). Lanes 12–19 contain a 667-bp amplicon generated
racted from mucosal papillomas (Table 1). Genotype 4 DNA was extracted
lified were: lanes 3 and 12, SC02-022 (genotype 1); lanes 4 and 13, SC02-
56 (genotype 2); lanes 7 and 16, SC94-1038 (genotype 3); lanes 8 and 17,
864 (genotype 4). Amplicons were electrophoresed on a 1.5% agarose gel.
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The sequence of a 419-bp fragment of each amplicon was
compared to the sequences of PsHVs of known genotype
(Tomaszewski et al., 2000). A cladogram of all the sequences
is shown (Fig. 4). A phylogram with representatives of each
genotype showing branch lengths and bootstrap values was
also generated (Fig. 5). Of the 30 sequences from the mucosal
papillomas, four were genotype 1 (13.3%); three were geno-
type 2 (10.0%); and 23 were genotype 3 (76.7%). The
herpesvirus found in the cloaca of a macaw without papillo-
D.K. Styles et al. / V28Fig. 4. Consensus phylogenetic tree (cladogram) of a set of 419-bp PsHV sequ
distance optimality, and neighbor-joining search using PAUP 4.0. Sequences prec
sequence SC02-0043 that was derived from the cloaca of an asymptomatic mac
sequences of known genotype where X = genotype.mas (SC02-0043) was genotype 4. In six birds, PsHV
amplicons were sequenced from an upper gastrointestinal
papilloma and a cloacal papilloma from the same bird. The
sequences from both lesions from each bird were identical.
Estimation of the distribution of genotypes in the population
of birds with mucosal papillomas
If PsHV sequence is amplified from a mucosal papilloma
selected at random, then the probabilities of mapping into
each PsHV genotype are: P (genotype 1, n = 4) = 0.13 Fences generated by bootstrap resampling (numbers of repetitions = 1000),
eded by ‘‘SC’’ or ‘‘DP’’ were derived from mucosal papillomas except for
aw (Table 1). Sequences followed by the suffix ‘‘GEN X’’ were reference
Fig. 5. Phylogram displaying branch lengths and bootstrap values (bracketed
at nodes) for representatives of each genotype. As in Fig. 4, this tree was
generated using the 419-bp PsHV sequence and analyzed by bootstrap
resampling (numbers of repetitions = 1000), distance optimality, and
neighbor-joining search.
D.K. Styles et al. / Virology 325 (2004) 24–35 290.12; P (genotype 2, n = 3) = 0.10 F 0.11; and P (genotype
3, n = 23) = 0.77 F 0.15.
Significance of the observed PsHV prevalence in papillomas
as compared to the estimated prevalence rates in the
general psittacine population
The prevalence of PsHV infection in macaws and
Amazon parrots submitted to the Texas Veterinary Medical
Diagnostic Laboratory was 0% (0/25) (Tomaszewski et al.,
2002). An overall seroprevalence of PsHV infection in a
recent study of aviary parrots in Europe was 37% (200/750)
(Grund and Schlippenbach, 2002). The rate of detection of
PsHV in the mucosal papilloma sample was 100% (30/30).
The prevalence of the PsHV infection in birds with mucosal
papillomas was significantly higher (P V 0.05) than the
prevalence of infection in previously sampled US and
European populations.Discussion
Investigations into the etiologic agent of mucosal papil-
lomas of neotropical parrots have focused on two possible
etiologies, papillomaviruses and PsHVs. Our work, coupledwith the work of other investigators, provides increasingly
strong evidence that PsHVs play a direct role in the
development of mucosal papillomas. Before this investiga-
tion, it had been noted that mucosal papillomas were seen in
birds that survived acute systemic PsHV infections (Van der
Heyden, 1988). Additionally, birds with mucosal papillomas
had been shown to have circulating antibody to PsHVs
(Phalen et al., 1997); PsHV DNA had been demonstrated in
the epithelial layer of a mucosal papilloma by DNA–DNA
in situ hybridization (Johne et al., 2002); and PsHV DNA
had been found in 4 of 4 mucosal papillomas (Phalen et al.,
1998) and 9 of 12 mucosal papillomas by Johne et al.
(2002). In our current study, we found that 100% of the 41
mucosal papillomas collected from 30 birds were positive
for PsHV DNA. Importantly, PsHV DNA was not found in
three histologically normal mucosal samples that were
adjacent to papillomas and was only found in two of seven
normal mucosal samples taken from other parts of the
digestive system. The 100% prevalence of PsHV infection
in the birds with papillomas was found to be significantly
higher than any reported infection prevalence in parrots and
therefore it is extremely unlikely that presence of PsHVs in
papillomas was coincidental.
If PsHVs were the causative agent of mucosal papillomas
in neotropical parrots, then it would be expected that they
would all contain PsHV. Yet, Johne et al. (2002) only
detected PsHV DNA in 9 of 12 papillomas that they
examined. PsHV occurs in variable concentrations in the
mucosal papillomas. Our data show that the 23F primer set
is highly sensitive and capable of detecting PsHVat minimal
concentrations of 103 copies or potentially less (Fig. 3).
However, the primers used by Johne et al. are not as
efficient at amplifying PsHV genotypes 1, 2, or 3 and
therefore would not have detected PsHV at the lower
concentrations found in some of the papillomas described
by our study (Fig. 2). Thus, we speculate that their negative
samples may have actually been positive and contained
concentrations of PsHV lower than the limit of detection
by their primer set.
If the hypothesis that PsHV infection is necessary for
the development of mucosal papillomas in neotropical
parrots is correct, then the phylogenetic data presented
here provide evidence as to the epizootiology of this
disease. Only PsHV genotypes 1, 2, and 3 were found in
the mucosal papilloma sample population, and the majority
(77%) of the viruses were genotype 3. The most common
genotypes to cause Pacheco’s disease in the United States
are genotypes 3 and 4, while genotypes 1 and 2 are less
commonly implicated (Tomaszewski et al., 2003). The
work by Tomaszewski et al. (2003) suggests that specific
PsHV genotypes may be more likely to cause Pacheco’s
disease in some species. Both genotypes 3 and 4 demon-
strate some general species preference. Genotype 4 is the
most common genotype to be found in macaws that die
with Pacheco’s disease. In contrast, genotype 3 is rarely
found to cause Pacheco’s disease in macaws and genotypes
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disease. These data potentially explain why genotypes 1,
2 and 3 but not 4 are found in macaws with mucosal
papillomas. Macaws infected with genotype 4 would be
less likely to survive infection and would succumb before
developing papillomas. However, infections with the other
genotypes may result in asymptomatic persistent infection
and the development of papillomas. The unexpected dis-
covery of a PsHV genotype 4 in from the cloacal biopsy of
an asymptomatic macaw (SC03-0043) suggests that not all
genotype 4 infections in macaws result in death from
Pacheco’s disease and other factors such as individual host
immune response may determine the ultimate outcome
resulting from infection.
It has also been observed that infection with PsHV
genotype 3 usually results in a fatal infection in Amazon
parrots but rarely macaws. However, our study found that
60% of Amazon parrots with papillomas were infected with
genotype 3. These data again suggest that there may be
factors other than genotype that determine what disease
process may be observed.
These variations of individual species sensitivity to
PsHV infection could result in the inapparent spread of
genotypes 1, 2, and 3 from bird to bird, and would explain
why mucosal papillomas can disseminate throughout a
collection without an ensuing outbreak of Pacheco’s disease.
These data also suggest that under some conditions, birds
with mucosal papillomas may be potential sources of out-
breaks of Pacheco’s disease.
Epizootiological evidence suggests that the PsHVs pres-
ent in the papillomas go through periods where they
produce virions. However, it also appears these viruses are
predominantly present in the mucosal papillomas in a latent
state, or at the very least are slowly replicating. Inclusion
bodies and virions have only been detected in a single
papilloma and transmission trials with a mucosal papilloma
homogenate failed to induce mucosal papillomas or Pache-
co’s disease (Goodwin and McGee, 1993; Sundberg et al.,
1986). If PsHVs do maintain a latent state in the mucous
membranes of parrots, this would be a novel strategy for an
alphaherpesvirus, as they typically infect nerve cells and
establish latency. Whether PsHVs also latently infect other
tissues will require further investigation. Dorsal root nerve
ganglia are common location for persistent alphaherpesvirus
infection. We were not able to detect PsHV DNA in nervous
tissue from three birds, but we did not examine dorsal root
ganglia or employ intensive amplification techniques such
as nested PCR.
Mucosal papillomas in Amazon parrots are most often
confined to the mucosa of the cloaca. Macaws also typically
have cloacal papillomas as well as papillomas of the upper
digestive tract. This difference in distribution of the lesions
appears to be the result of host factors because the same
genotypes found in macaw mucosal papillomas were also
found in Amazon parrot papillomas. This is further sup-
ported by the observations that the genotypes found in theupper digestive tract papillomas were the same as the
genotypes found in the cloaca papillomas in all of the birds
examined with lesions in both locations.
In a previous study, a variant of the genotype 3 viruses
was identified that could be neutralized by serum raised
to either serotype 2 or serotype 3 viruses (Gravendyck et
al., 1996). In that study, both viruses were European
isolates and it was not known if a similar virus was
present in the United States. A virus with an identical
sequence to this variant was detected in one cloacal
papilloma from a macaw (sample SC99-0037, Table 1,
Fig. 4) in this study, suggesting that this variant of the
genotype 3 with its unusual serotype is also present in the
United States.
The only evidence that a papillomavirus may play a role
in the development of mucosal papillomas are the findings
of PePV DNA in an oral papilloma in an African gray parrot
(Latimer et al., 1997) and L1 immunoreactivity in papillo-
mas from a hyacinth macaw and an Amazon parrot (Bonda
et al., 1998). The oral papilloma from the African gray
parrot should not be considered as a mucosal papilloma
because the lesion was characterized by keratinized squa-
mous epithelium and was not of mucocutaneous epithelium.
Therefore, we feel that this lesion is more representative of
the cutaneous papillomas seen in African gray parrots that
are caused by PePV. Previous studies failed to document
PePV DNA in mucosal papillomas (Latimer et al., 1997;
Sundberg et al., 1986). Similarly, neither PePV nor FPV
DNAwas amplified from the mucosal papilloma population
in our study. However, we cannot exclude the existence of a
novel avian papillomavirus that was not detected by our
PePV or FPV primer sets in the lesions. We chose to use
these specific primers because they are derived from the
conserved L1 major capsid protein sequence of the only
known avian papillomaviruses, and the nucleotide homolo-
gy between PePV and FPV is too diverse to make degen-
erate primers capable of detecting both viruses and any
intervening variants.
To determine whether the L1 immunoreactivity previ-
ously reported in the hyacinth macaw was the result of
papillomavirus antigen, we repeated this experiment with
the same antibody and papilloma from the hyacinth macaw
(SC98-0018) reported by Bonda et al. (1998), papillomas
from three other macaws and an Amazon parrot, a human
cervical papilloma as a positive control, and a conure
embryo as a negative control. We were able to demonstrate
L1 immunoreactivity in the hyacinth macaw papilloma.
However, we also showed a similar degree and pattern of
immunoreactivity in the psittacine embryonic control tissue.
By contrast, the four other mucosal papillomas examined
did not contain this immunoreactive protein. Therefore,
given that virions were not observed in this papilloma and
FPV or PePV DNA was not found, we conclude that the
immunoreactivity is either nonspecific or is due to a protein
that is cross-reactive to the L1 anti-serum but is not in fact
papillomavirus L1 major capsid protein. Importantly, we did
Table 1
Tissues and sources
Isolate number GenBank accession #/usage Species examined Tissues sequenced
SC88-0097 (immunohistochem.) Ara macao
SC91-0864 (immunohistochem.) Amazona aestiva
SC92-0496 AY421976 Ara macao cloacal papilloma
SC92-0498 AY421977 Ara macao cloacal papilloma
SC92-1409 AY421978 Amazona auropalliata glottal papilloma
SC92-1584 AY421979 Ara ararauna cloacal papilloma
SC93-0192 AY421980 Ara ararauna choanal papilloma
SC93-0790 AY421981 Ara chloroptera esophageal papilloma
SC94-0056 AY421982 Ara chloroptera cloacal papilloma
SC94-0188 (immunohistochem.) Ara macao
SC94-0390 AY421983 Aratinga spp. glottal papilloma
SC94-1038 AY421984 Ara chloroptera cloacal papilloma
SC98-0018 AY421985 Anodorhynchus hyacinthinus cloacal papilloma
SC98-0037 AY421986 Amazona aestiva cloacal papilloma
SC99-0037 AY421987 Ara macao cloacal papilloma
SC00-0020 AY421988 Amazona oratrix cloacal, crop papillomas
SC00-0077 AY421989 Amazona oratrix cloacal papilloma
DP01-0044 AY421990 Ara ararauna cloacal, glottal papillomas
SC01-0019 (control DNA) Pyrrhura rupicola
DP02-0034 AY421991 Ara chloroptera cloacal, glottal papillomas
SC02-0002 AY421992 Amazona autumnalis cloacal papilloma
SC02-0022 AY421993 Ara ararauna cloacal papilloma
SC02-0038 AY421994 Amazona barbadensis cloacal papilloma
SC02-0043 AY421995 Ara ararauna cloaca (no papilloma)
SC02-0044 AY421996 Ara ararauna cloacal papilloma
SC02-0045 AY421997 Amazona aestiva cloacal papilloma
SC02-0046 AY421998 Amazona aestiva cloacal papilloma
SC02-0047 AY421999 Amazona aestiva cloacal papilloma
SC02-0048 AY422000 Amazona oratrix cloacal papilloma
SC02-0049 AY422001 Ara macao cloacal papilloma
SC03-0005 (control DNA) Psittacus erithacus
SC03-0014 AY563422 Ara chloroptera cloacal papilloma
SC03-0027 AY563423 Ara ararauna oropharyngeal papilloma
SC03-0028 AY563424 Ara ararauna oropharyngeal papilloma
DP04-0009 (control DNA) Lonchura striata
SC04-0001 AY563425 Ara chloroptera glottal papilloma
SC04-0003 AY563426 Ara chloroptera cloacal papilloma
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ma (Fig. 4).
In conclusion, all the evidence to date strongly suggests
that PsHVs play an essential role in the development of
mucosal papillomas in neotropical parrots and explain their
apparent infectious nature. In contrast, there is no evidence
to suggest that a papillomavirus is present in these lesions.Materials and methods
Source of specimens
Tissues from 31 neotropical parrots, 1 old world parrot,
and 1 finch were used in the mucosal papilloma study (Table
1). The papillomas examined in this study were harvested
from Amazon parrots (30%), macaws (67%), and a single
conure (3%). All birds were from aviaries in the United
States. Tissues were diagnostic specimens (biopsies or
whole birds) that were submitted to the Schubot ExoticBird Health Center (Texas A&M University, College Sta-
tion, TX). An additional sample, a cloacal biopsy from an
unaffected blue and gold macaw (SC02-0043) that was in
contact with another bird with mucosal papillomas, was also
examined. When tissues were available from more than one
bird from the same source, only tissues from one of the birds
were examined.
Tissues were collected using cleaned, autoclaved instru-
ments that had been bleached and formalin-soaked. A
different set of instruments was used to collect each tissue
to prevent DNA contamination. Tissues were either pro-
cessed immediately or stored at 80 jC until use. Papil-
lomas were taken from more than one site in seven birds.
The total number of papillomas examined was 44: choana =
2, cloaca = 23, crop = 4, esophagus = 3, glottis = 5,
oropharynx = 6, proventriculus = 1. Histologically normal
digestive tract mucosal samples were available from six
birds with mucosal papillomas: choana = 1, crop = 4,
esophagus = 1, proventriculus = 3. In two of these birds,
three additional samples were taken from mucosa that was
D.K. Styles et al. / Virology 325 (2004) 24–3532immediately adjacent to papillomas but was histo-
logically normal. When only a single papilloma was
available, the amplicon from that papilloma was sequenced.
There were six birds that had papillomas in the upper
digestive tract and cloaca. In these birds, amplicons from
both the cloacal lesion and an upper digestive tract lesion
were sequenced. One bird had multiple papillomas of the
upper digestive tract; only one of the amplicons from these
papillomas was sequenced. Neural tissue was available
from three birds: brachial plexus = 1, lumbosacral
plexus = 2, and brain = 1.
Histological evaluation of the mucosal papillomas and
unaffected tissue
Sections of the tissues were fixed in formalin, embedded
in paraffin, and thin sections were routinely stained with
hematoxylin and eosin. The tissue was considered to contain
papillomas if the normal mucosa was replaced with papil-
lary growths consisting of a narrow to broad base with the
mucosal fronds containing a fine fibrovascular core covered
by a cuboidal to tall columnar epithelium of variable
thickness.
Immunohistochemistry of mucosal papillomas using
papillomavirus anti-L1 major capsid protein antibody
Formalin-fixed paraffin-embedded mucosal papillomas
from one Amazon parrot (SC91-0864) and four macaws
(SC88-0097, SC94-0188, SC98-0018, DP01-0044) were
affixed to 3-aminopropyl-trimethoxysilane coated glass
slides (Sigma, St. Louis, MO). Tissues were incubated
with rabbit polyclonal antiserum made against an HPV-6b
L1 h-galactosidase fusion protein (Bonda et al., 1998). The
antibody has been previously shown to detect a highly
conserved epitope within the L1 protein of mammalian
papillomaviruses (Strike et al., 1989). Positive controls
were two human cervical papilloma biopsies. The negative
control was a near-hatch conure embryo (SC01-0019)
(Table 1). The embryo was sagittally sectioned to include
cloaca and other viscera.
Microwave antigen retrieval was performed in 10 mM
citrate buffer using methods similar to those described by
Shi et al. (1991). Tissues were permeabilized with 0.5%
Triton X-100 in PBS, and endogenous peroxidase was
quenched with 0.3% H2O2 in water. Tissues were blocked
with 3% BSA/0.1% glycine/10% normal goat serum in
0.2% Tween 20 in PBS. The tissues were then incubated
with L1 fusion protein antiserum, diluted 1:500 in a
solution of 10% normal goat serum/0.2% Tween 20 in
PBS, for 12 h at 4 jC. Immunoreactions were visualized
using HRP-conjugated goat anti-rabbit antibody (Bethyl
Labs, Montgomery, TX), with diaminobenzidine tetrahy-
drochloride (Sigma) and imidazole (EM Science, Gibbs-
town, NJ) as chromogenic substrates (protocol from
CHEMICON International, Inc., www.chemicon.com).Reactions were stopped at 15 min, and sections were
examined by light microscopy (Figs. 1a–d).
Electron microscopy
Formalin-fixed, paraffin-embedded papillomatous tissue
from the hyacinth macaw (SC98-0018) that had stained
positively with the anti-L1 antibody was deparaffinized and
fixed in 3% uranyl acetate in 100% ethanol. The tissue was
then embedded in Spur’s firm epoxy resin and 60- to 90-nm
sections were placed on a copper grid. The sections were
post-stained with 3% uranyl acetate and Reynold’s lead
citrate. Thin sections were examined for papillomavirus
virions at 10000 for 2 h.
DNA purification
DNA was extracted from the tissues using the Purgene
Genomic DNA Purification Kit (Gentra Systems, Minneap-
olis, MN) following the instructions for fresh or frozen solid
tissue.
PCR of papilloma tissues with PePV- and FPV-specific
primers
All PCR reactions were performed on an Eppendorf
Mastercycler Personal Thermocycler (Eppendorf, Ham-
burg, Germany). Primer sets were derived from the con-
served papillomavirus L1 major capsid protein region and
DNA extracted from the tissues was examined for the
presence of PePV DNA using the PePV-specific primers
ppv6621fmod and ppv6810r and for FPV DNA using FPV
L1f and FPV L1r by PCR (Table 2). The primer set for
PePV amplification was slightly modified from that pub-
lished by Johne et al. (2002) to agree with the PePV
sequence reported by Tachezy et al. (2002). The negative
control for the PePV PCR was DNA extracted from a pre-
hatch conure embryo (SC01-0019). DNA from the liver of
a society finch free of papillomas (DP04-0009) was used
as the negative control for the FPV PCR. The positive
controls were a clone of P. erithacus papillomavirus cloned
into the SalI site of pBR322 and a clone of finch
papillomavirus cloned into the EcoRI site of pBR328
(Terai et al., 2002).
PCR was performed as described by Johne et al. (2002).
Briefly, a 25-Al reaction mix containing 100 ng genomic
DNA, 25 pmol of each primer, 0.1 mM of each of the four
deoxynucleotide triphosphates, 2.5 mM magnesium chlo-
ride, 0.75 units Taq polymerase, and 1 buffer A (Promega,
Madison, WI) was used in the reaction.
The thermocycler parameters were: initial denaturation at
95 jC for 5 min, followed by 35 cycles of denaturing at 94 jC
for 30 s, annealing at 60 jC for 30s, extension at 72 jC for
30 s, and then a period of final extension at 72 jC for 10 min.
Amplification products were imaged on an ethidium bromide
agarose gel.
Table 2
Primer sequences
Virus Primers Sequence (5V–3V) Amplicona Reference
PePV ppv6621fmod (forward) GGGCGGATATGACTTTCTGG 204 (Johne et al., 2002; Tachezy et al., 2002)
ppv6810r (reverse) GCAGTGCGCACGCCTG
FPV FPV L1f (forward) AGGTGCTCAGGAGAATAATGC 351 (Terai et al., 2002)
FPV L1r (reverse) AGAAGGTCGTCCGAAAGCCGC
PsHV: amplifying: PsHV-Johne
PsHV-s CATGAACGGCATGCTGCCGT 178 (Johne et al., 2002)
PsHV-as GACTGCCACGGAGTATTG
Amplifying 23F
23Ff5a (forward) TGCGTGGGGTTAAACTCGGAACTAGAAG 667 (Tomaszewski et al., 2003)
23Fr3 (reverse) CGACTACACGAGCCTAACATC
Sequencing 23F
23Ff5b (forward) GGGGTTAAACTCGGAACTAGAAG 662 (Tomaszewski et al., 2003)
23Fr3 (reverse) CGACTACACGAGCCTAACATC
a Amplicon length in nucleotides.
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the DNA polymerase gene
Johne et al. (2002) detected PsHV DNA in 8 of 12
papillomas they examined. To determine if the primers
(Table 2) used in their study would efficiently amplify
DNA from all four genotypes of the PsHV, we first
optimized the magnesium and dNTP concentrations in
the PCR reaction mix for these primers using PsHV
genotype 1 viral DNA. The optimum reaction conditions
using 100 ng of DNA (avian genomic and viral) were
determined to be: 25 pmol of each primer, 0.05 mM of
each of the four deoxynucleotide triphosphates, 2.5 mM
magnesium chloride, 1 buffer A (Promega), and 0.75
units Taq polymerase per 25-Al reaction. The thermocycler
parameters were the same as those reported by Johne et al.
(1998, 2002): initial denaturation at 95 jC for 5 min,
followed by 35 cycles of annealing at 56 jC for 30 s,
extension at 72 jC for 30 s, denaturing at 94 jC for 30 s,
and then a period of final extension at 72 jC for 10 min.
Using the optimized reaction conditions, viral DNA was
amplified from four viruses of each genotype. The inten-
sity of the amplification products was compared to those
produced by PCR of the same viruses using primer set
23F-amplifying (Fig. 2).
PCR of DNA from papilloma tissues with PsHV-specific
primers
DNA was examined for the presence of PsHV DNA
by PCR. The primer set 23F-amplifying (Table 2) was
used to amplify PsHV DNA (Tomaszewski et al.,
2000). The amplicon produced was 667 bp long and
spanned a section of UL16/UL17 (host-range protein/
DNA-cleaving and packaging protein) including the
UL16 initiation codon. Negative controls were DNA
extracted from the blood of an incubator-hatched Afri-
can gray parrot (SC03-0005) held in isolation and a
pre-hatch conure embryo (SC01-0019). The positivecontrol was DNA containing PsHV extracted from
tissues of an Amazon parrot that died of Pacheco’s
disease (Tomaszewski et al., 2000).
PCR was performed as previously described (Tomaszew-
ski et al., 2000). Briefly, a 25-Al reaction mix containing
100 ng genomic DNA, 25 pmol of each primer, 0.1 mM of
each of the four deoxynucleotide triphosphates, 2.5 mM
magnesium chloride, 0.75 units Taq polymerase, and 1
buffer A was used in the reaction.
The thermocycler parameters were: initial denaturation at
94 jC for 5 min, followed by 40 cycles of annealing at 60 jC
for 45 s, extension at 72 jC for 90 s, denaturing at 94 jC for
30 s, and then a period of final extension at 72 jC for 5 min.
PCR amplification products were imaged on ethidium
bromide agarose gels.
The sensitivity of the assay was determined by ampli-
fying viral DNA from 10-fold dilutions of a plasmid
containing the UL16/17 ORF (Fig. 3). The approximate
copy number of PsHVs in each 500 ng of genomic DNA
was estimated by comparing the intensity of the amplifi-
cation products from the papilloma samples to those of the
amplification products from the known concentrations of
plasmid DNA (Fig. 3).
DNA sequencing of PsHV amplicons
PCR products were purified using QIAquick PCR Puri-
fication Kit (Qiagen Inc., Valencia, CA). The sequencing
reaction was performed using an ABI Prism Big Dye
Terminators v3.0 Cycle Sequencing Kit (Applied Biosys-
tems Inc., Foster City, CA) using sequencing primers
23Ff5b (forward) and 23Fr3 (reverse) (Table 2). Products
were sequenced using an ABI 377 DNA sequencer or ABI
3100 DNA sequencer (Applied Biosystems).
Phylogenetic analysis
A 419-bp fragment beginning at the UL16 start codon
was used for the phylogenetic analysis (Tomaszewski et al.,
D.K. Styles et al. / Virology 325 (2004) 24–35342000). All sequences were aligned using Clustal X 1.81
(Thompson et al., 1997). Aligned sequences were imported
into PAUP for analysis [Swofford, D. L. 1998. PAUP.*
Phylogenetic Analysis Using Parsimony (*and Other Meth-
ods). Version 4.0. Sinauer Associates, Sunderland, MA].
Phylogenetic trees were generated by performing a neigh-
bor-joining search using bootstrap resampling (1000 repli-
cations) employing distance optimality. A cladogram
including all sequences was included in this analysis to
define the specific branches of the phylogenetic tree (Fig. 4)
(Tomaszewski et al., 2000). There is also a phylogram
showing branch lengths and bootstrap values employing
representative sequences of each genotype (Fig. 5).
Statistical analysis
A test of the normal approximation of the binomial was
performed to estimate the distribution of the genotypes in
the population of mucosal papillomas (Johnson, 1984). This
test was performed using only those birds that exhibited
mucosal papillomas and did not include the in contact
macaw (SC02-0043). A chi-square test of independence
(Johnson, 1984) was performed to demonstrate that the
prevalence of PsHV in the mucosal papilloma population
was significantly greater than the prevalence rate in one
population of parrots from the United States (Johne et al.,
2002) and the prevalence rate of PsHV infection in Euro-
pean aviaries (Grund and Schlippenbach, 2002).Acknowledgments
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